The lifespan and survival of dendritic cells (DC) in vivo are potentially critical to the expansion of T cell immune responses. We have previously reported that DC loaded with specific antigen are rapidly eliminated by cytotoxic T lymphocytes (CTL) in vivo, but the site, mechanism, and consequences of DC elimination were not defined. In this article we show that DC elimination in vivo occurs in a perforin-dependent manner and does not require IFN-␥ or the presence of CD4 ؉ CD25 ؉ regulatory T cells. Most importantly, failure to eliminate DC had profound consequences on the CTL immune response. Perforin-deficient mice showed a progressive increase in the numbers of antigen-specific CD8 ؉ T cells after repeated immunizations with DC. In contrast, in control mice the number of antigen-specific CD8 ؉ T cells did not notably increase with repeated immunizations. Lastly, we also show that CTLmediated elimination of DC occurs in peripheral tissues but not in the lymph node. Our data suggest that CTL act as ''gatekeepers'' that control access of antigen-loaded DC into the lymph node, thereby preventing continued expansion of antigen-specific T cells. ϩ and CD8 ϩ T cell responses. DC reside in peripheral tissues where they take up antigens from the external environment, then migrate to the lymph nodes where they interact with antigen-specific T cells and induce their activation to proliferation and effector function (1, 2). The lifespan of DC once in the lymph node is thought to be relatively brief, but experimental estimates have not yielded a consistent figure (3-5) .
D
endritic cells (DC) are powerful antigen-presenting cells that are critical for the initiation of CD4 ϩ and CD8 ϩ T cell responses. DC reside in peripheral tissues where they take up antigens from the external environment, then migrate to the lymph nodes where they interact with antigen-specific T cells and induce their activation to proliferation and effector function (1, 2) . The lifespan of DC once in the lymph node is thought to be relatively brief, but experimental estimates have not yielded a consistent figure (3) (4) (5) .
The mechanism and regulation of DC survival and death (6, 7) are likely to be important in maintaining the homeostatic balance of the immune system. A few reports have linked extended survival of DC to enhanced or dysregulated T cell immune responses and lymphoproliferative disease (8) (9) (10) . In contrast, reduced survival of DC has been associated with impaired immune responses (7) . It is presently unclear whether T cells also influence the lifespan of DC in an antigen-specific fashion. In lymph nodes of mice adoptively transferred with CD4 ϩ T cell receptor (TCR) transgenic T cells, DC presenting specific antigen disappear more rapidly than DC not presenting antigen (11) , suggesting that T cells may have a role in regulating DC numbers and survival. Experiments using infection with Listeria or malaria also suggest that the number of antigen-presenting cells becomes limiting during the early phases of CD8 ϩ immune responses and prevents the continued expansion of antigen-specific T cells (12, 13) . Together, these experiments suggest the attractive hypothesis that T cells may be able to regulate their own responses in a feedback fashion, by affecting the survival of antigen-presenting DC.
We have previously reported that DC loaded with antigen and injected s.c. into immune mice are rapidly eliminated by CD8 ϩ T cells (14) . However, the consequences of this antigen-specific DC elimination remain unclear. DC elimination may simply be a means to dispose of DC that are no longer required for T cell activation and may not affect the final size of the immune response. Alternatively, DC elimination may serve a critical regulatory function by which activated cytotoxic T lymphocytes (CTL) prevent further T cell activation by clearing antigenloaded antigen-presenting cells.
In this article we examine the site and mechanism of DC elimination and its consequences to the immune response. We show that in immune mice antigen-loaded DC are eliminated before they reach the draining lymph node and are thus prevented from interacting with lymph node-resident memory and͞or naïve T cells. We also show that in perforin-deficient (PKO) mice DC are not eliminated by activated CD8 ϩ T cells. DC survival in PKO mice correlates with an improved ability of the DC to induce expansion of antigen-specific CD8 ϩ T cells during secondary and subsequent immune responses. We conclude that perforin-dependent elimination of DC acts as a regulatory feedback mechanism to prevent the access of antigenloaded DC to the lymph node and the further activation of antigen-specific T cells. These findings may explain the observation that PKO mice develop exaggerated immune responses, principally after viral infections (15, 16) but also after immunization with antigen-loaded DC (17) .
Materials and Methods
Mice. C57BL͞6 and C57BL͞6-background PKO and IFN-␥ Ϫ/Ϫ mice were from The Jackson Laboratory. CD45-congenic B6.SJL-Ptprc a mice were from the Animal Resources Centre, Perth, Australia. Line 318 (L318) mice carry a transgenic TCR specific for fragment 33-41 of the lymphocytic choriomeningitis virus glycoprotein (gp33) in association with H-2D b . L318 mice that are PKO (PKO-L318) were generated by conventional breeding. All experimental protocols were approved by the Wellington School of Medicine and Victoria University Animal Ethics Committee and performed according to institutional guidelines.
In Vitro Culture Media and Reagents. All cultures were in complete medium composed of Iscove's modified Dulbecco medium, 2 mM glutamax, 1% penicillin-streptomycin, 5 ϫ 10 Ϫ5 M 2-mercapto-ethanol, and 5% FBS (all Invitrogen). The synthetic peptide gp33 (KAVYNFATM) was from Chiron Mimotopes, Clayton, Australia. LPS from Escherichia coli was from SigmaAldrich.
Immunization with DC. To generate DC, bone marrow cells from C57BL͞6 or CD45-congenic mice were cultured in complete medium containing 20 ng͞ml recombinant murine IL-4 and 10 ng͞ml recombinant murine granulocyte-macrophage colonystimulating factor for 7 days as described (18) . On day 7 cultures typically contained 70-90% CD11c ϩ cells. In some experiments DC were activated by transferring to a fresh plate or adding 100 ng͞ml LPS during the last 20 h of culture. On day 7 DC were harvested and loaded with 10 M gp33 peptide for 2 h at 37°C. Mice were injected with 2 ϫ 10 5 gp33-loaded DC or identically treated DC not loaded with peptide. CD4 ϩ CD25
ϩ regulatory T cells (T reg ) were depleted by i.p. injection of 100 g purified anti-CD25 antibody (PC61) on the day before DC immunization as described (19) . Treatment conditions were determined in pilot experiments and considerably diminished the percentage of CD25 ϩ cells in recipient blood on days 1-12 after antibody injection.
DC Labeling and in Vivo DC Elimination Assays. DC were harvested from culture, washed, and labeled with carboxy-fluorescein diacetate succinimidyl ester (CFSE, Molecular Probes) or the orange f luorescent dye chloromethyl-benzoyl-aminotetramethyl-rhodamine (CMTMR, Molecular Probes) with the protocols described (20) . The target DC populations used throughout this study were not treated with LPS, and treatment with 0.1-1 g͞ml LPS did not change their susceptibility to elimination in vivo (K. Andrew and F.R., unpublished work).
In vivo elimination of antigen-loaded DC was assessed as described (20) . Mice were injected s.c. in the forelimb or intradermally into the ear with 1-2 ϫ 10 6 cells containing equal numbers of CFSE-labeled DC loaded with 1 M peptide (DC ϩ ) and CMTMR-labeled control DC (DC Ϫ ). At the indicated times, draining lymph nodes or ears were removed, digested in collagenase (Invitrogen) and DNase I (Sigma), and analyzed for the presence of fluorescent cells by flow cytometry. The percent surviving antigen-loaded DC in each sample was calculated as (DC ϩ ͞DC Ϫ ) ϫ 100. This value was normalized to the ratio in the relevant control sample when available.
Adoptive Transfer of Naïve or Activated T Cells. Single cell suspensions were prepared from pooled lymph nodes and spleens of L318 or PKO-L318 mice, and the equivalent of Ϸ4 ϫ 10 6 V␣2 ϩ V␤8 ϩ transgenic T cells was injected i.v. into the lateral tail vein of C57BL͞6 or PKO recipient mice. CD8 ϩ T cells from L318 mice were activated in vitro on anti-CD3 and anti-CD28 for 5 days, and then cultured in 100 units͞ml of recombinant human IL-2 and 10 ng͞ml of recombinant human IL-6 for 2 more days as described (21) . In some experiments, CD8 ϩ T cells were cultured with LPS-treated DC and 10 M gp33 for 4 days, and then in 100 units͞ml of recombinant human IL-2 for 3 more days. On day 7 activated T cells were harvested and washed in Iscove's modified Dulbecco medium, and 10 7 cells were injected i.v. into the lateral tail vein of recipient mice.
FACS Analysis. Anti-Fc␥RII (2.4G2), anti-MHC II (3JP), and anti-CD11c (N418) mAbs were affinity-purified from hybridoma culture supernatants and conjugated to biotin, FITC, or allophycocyanin. Anti-V␣2-PE, anti-V␤8.1,8.2-biotin, anti-CD25-FITC, anti-CD45.2APC, and anti-CD45.2PE were from Pharmingen. All samples were analyzed on a FACSort (Becton Dickinson) by using CELLQUEST (Becton Dickinson) or F LOWJO (Tree Star, Ashland, OR) software. Dead cells were excluded from analysis with propidium iodide staining (Pharmingen).
Results
Effector CTL Eliminate Antigen-Loaded DC Before They Reach the Lymph Node, Whereas DC in Lymph Nodes Are Not Eliminated. We have previously reported that antigen-loaded DC are eliminated by specific CD8 ϩ T cells in vivo and fail to accumulate in the draining lymph node (20) . In vitro experiments (data not shown) also showed that CTL can kill DC in an antigen-specific fashion, providing further support for a direct killing mechanism in vivo. We wanted to establish whether DC are eliminated immediately at the site of injection, in the lymph node, or at both sites. To establish whether DC are eliminated in tissues, C57BL͞6 mice were immunized with gp33-loaded DC and injected 7 days later with CD45-congenic target DC given intradermally into the ear. The target DC population was a mixture of CFSE-labeled DC loaded with the specific antigen gp33 (DC ϩ ) and CMTMRlabeled DC not loaded with antigen (DC Ϫ ). Two days later, mice were killed, and cell suspensions were prepared from the injected ears. As shown in Fig. 1 , by 48 h after injection the number of gp33-loaded DC was only Ϸ60% of the number of DC not loaded with antigen, indicating that DC are specifically eliminated at the injection site in tissues.
To establish whether DC could be eliminated in lymph nodes, antigen-specific L318 CTL populations were generated in culture and injected into mice. Preliminary experiments showed that CTL transferred in vivo could be recovered from several different tissues, including lymph nodes, between days 1 and 3 after injection (data not shown). To evaluate the survival of DC in the presence of specific CTL, mice were also injected s.c. with mixtures of labeled DC that were given at different times with respect to the CTL transfer. In one group of mice DC were injected 1 day after the adoptive transfer of CTL. In this situation DC may interact with CTL immediately after injection, before migrating to the draining lymph node. In the second group of mice, DC were injected 1 day before CTL transfer. In this case DC are able to reach the lymph node before they interact with CTL. As shown in Fig. 2A , gp33-loaded DC given after CTL transfer selectively failed to accumulate in the lymph node, suggesting that they were eliminated. In contrast, gp33-loaded DC given 1 day before CTL transfer could be recovered from the draining lymph node at 24 and 48 h after CTL transfer, times that are expected to be sufficient for CTL to recirculate through the lymph node. Similar results were also obtained in mice immunized with DC and then given a second, carefully timed injection of target DC. Target DC given before the CTL response had time to develop survived in the lymph node for several days, whereas DC given after the CTL response had developed failed to accumulate in the lymph node (Fig. 6 , which is published as supporting information on the PNAS web site). Together, these results indicate that DC in lymph nodes are not eliminated even in the presence of a host CTL response.
To determine whether DC in lymph nodes survived because they failed to express sufficient levels of antigen or interact with transferred CTL we asked whether they were able to induce proliferation of activated T cells in lymph nodes. CD45-congenic mice were injected s.c. with gp33-loaded CD45-congenic DC, and the next day they were injected i.v. with CFSE-labeled specific CTL. T cell proliferation in lymph nodes was examined 3 days later. As shown in Fig. 2B , donor T cells proliferated vigorously in mice injected with gp33-loaded DC. Because in vivo the gp33 peptide is transferred from donor to host antigen presenting cells very poorly, if at all (22) , this result suggests that injected DC were available to interact with activated T cells in the lymph node.
DC Elimination in Vivo Requires Perforin But Not IFN-␥.
To establish the mechanism of DC elimination in vivo, we used PKO and IFN-␥ Ϫ/Ϫ mice as perforin and IFN-␥ are critical molecules in the function of CTL. Groups of C57BL͞6 and PKO mice were immunized with gp33-loaded DC, and 7 days later they were injected s.c. with equal numbers of labeled DC that were loaded with gp33 or left untreated. Results from this experiment are shown in Fig. 3A as representative FACS profiles, in Fig. 3B as numbers of DC recovered from lymph node, and in Fig. 3C as gp33-loaded DC as percent of control DC not loaded with antigen. DC not loaded with antigen were recovered from the draining lymph nodes of immune C57BL͞6 mice, whereas the gp33-loaded DC population failed to accumulate. In contrast, both DC populations were recovered from the lymph nodes of PKO mice. Of note, similar numbers of DC not loaded with antigen were recovered in C57BL͞6 and PKO mice, indicating that DC migration and survival were not otherwise affected in PKO hosts. No preferential decline in the number of gp33-loaded DC was observed in PKO hosts even by 96 h after DC injection, indicating that no other cytotoxicity mechanisms were compensating for the lack of perforin function. Similar results were also obtained with immune L318 TCR transgenic mice (data not shown), in which the number of antigen-specific CTL is presumably not limiting. We therefore conclude that perforin is critical for the elimination of antigen-loaded DC in vivo.
A similar experiment was carried out with IFN-␥ Ϫ/Ϫ and C57BL͞6 mice. Mice were immunized with DC only or DC loaded with gp33, and 7 days later they were injected in the forelimb with CFSE-labeled DC loaded with gp33. The accumulation of these DC in the draining lymph node was compared. As shown in Fig. 4A , antigen-loaded DC accumulated in the lymph nodes of mice immunized with DC only, but not in the lymph nodes of C57BL͞6 or IFN-␥ Ϫ/Ϫ mice immunized with 
gp33-loaded DC, indicating that IFN-␥ was not critical for DC elimination.
Recent studies have investigated the role of perforin or granzyme B in the function of T reg populations. Under certain circumstances, induced human T reg and activated naturally occurring T reg have the potential to kill target cells in a perforindependent manner (23) . Murine CD4 ϩ CD25 ϩ T cells, however, do not show the same perforin dependence (24) . To address the role of naturally occurring CD4 ϩ CD25 ϩ T cells in our system, mice were treated with the anti-CD25 antibody PC61 under conditions that effectively deplete CD25 ϩ cells from blood (Fig.  7 , which is published as supporting information on the PNAS web site), and that have been shown effective at enhancing antitumor immunity in a DC vaccination model (19) . Treated and control mice were immunized with gp33-loaded DC 1 day after anti-CD25 administration, and elimination of target DC was assessed 1 week after immunization. As shown in Fig. 4B , depletion of T reg cells did not restore DC survival, indicating that CD4 ϩ CD25 ϩ T reg cells were not required for DC elimination.
Multiple Immunizations with DC Lead to Greater Increases in the
Frequency of Antigen-Specific CD8 ؉ T Cells in PKO Mice Compared with C57BL͞6 Mice. As shown in the previous section, antigenloaded DC accumulate in the lymph nodes of immune PKO mice, where they remain for several days. In contrast, very few antigen-loaded DC are found in the lymph nodes of immune C57BL͞6 mice. We reasoned that DC that accumulate in the lymph nodes of PKO mice should be able to induce further immune activation by inducing the proliferation of resident T cells. If this was the case, multiple immunizations with DC should elicit larger numbers of antigen-specific T cells in PKO mice compared with perforin-sufficient C57BL͞6 mice. To test this hypothesis, we adoptively transferred TCR transgenic T cells that were perforin-sufficient or PKO into C57BL͞6 or PKO mice and immunized both groups with DC only or gp33-loaded DC administered s.c. every 2-3 weeks. Immune responses were monitored by determining the percentage of V␣2 ϩ V␤8 ϩ cells in the blood every 3-5 days. As shown in Fig. 5A , primary immunization of C57BL͞6 or PKO mice with gp33-loaded DC led to an increase in the proportion of V␣2 ϩ V␤8 ϩ cells in peripheral blood, which peaked at day 7 after immunization and then declined. In some experiments, including the one in Fig. 5 , the increase in V␣2 ϩ V␤8 ϩ cells was more marked in PKO than in C57BL͞6 mice, but this was not always the case. Additional DC immunizations given at the same site again caused an increase in the proportion of V␣2 ϩ V␤8 ϩ T cells in blood, which in C57BL͞6 hosts was restored to the levels observed after one immunization, and then declined again. In contrast, in PKO mice the percentage of V␣2 ϩ V␤8 ϩ cells in blood increased to above the level observed after primary immunization and stabilized at a level that was higher than the level in C57BL͞6 mice. A similar increase was observed after the third DC immunization. Representative profiles of blood cells on day 41, corresponding to the peak response after the third DC immunization, are shown in Fig. 8 , which is published as supporting information on the PNAS web site.
A higher percentage of antigen-specific T cells was also recovered from the lymph nodes and spleens of multiply immunized PKO hosts. As shown in Fig. 5B , the proportion of V␣2 ϩ V␤8 ϩ T cells was increased in lymph nodes and spleens of PKO mice given a fourth DC immunization 2 weeks earlier, but was similarly low in all other groups. This finding indicated that by 2 weeks after immunization the proportion of antigen-specific T cells had reverted to a resting level, which was higher in PKO than in C57BL͞6 hosts.
It was possible that multiple DC immunizations may allow the generation of cytotoxic activity even in PKO mice. We tested this possibility by injecting multiply immunized mice with labeled DC, and again testing the DC's ability to accumulate in the draining lymph nodes. As shown in Fig. 5C , only a few gp33-loaded DC could be recovered from the lymph nodes of multiply immunized C57BL͞6 mice. In contrast, both gp33-loaded and not antigen-loaded DC were recovered from the lymph nodes of immune PKO mice.
Discussion
In this article we show that the accumulation of antigen-loaded DC in the lymph nodes of immune mice is limited by a CTL-dependent, perforin-dependent mechanism. By preventing the accumulation of antigen-loaded DC in the lymph node, effector CTL presumably also limit the DC's ability to induce further T cell proliferation and differentiation to effector function during secondary immune responses. DC elimination fails to operate in PKO mice, where CTL are unable to control DC access to the lymph node. This failure is associated with the accumulation of higher proportions of antigen-specific T cells in multiply immunized PKO mice.
Previous reports have documented how PKO mice generate exaggerated immune responses after infections with lymphocytic choriomeningitis virus (15, 25) or Listeria (17) and during graft-versus-host disease (26) . Similar findings are also reported in humans deficient in perforin function (27) , who are susceptible to developing lymphoproliferative disease with accumulation of activated T cells as a consequence of viral infections. In mice, the larger immune responses of PKO mice do not require infection, but are also observed after immunization with antigenloaded DC (17) , indicating that they are not simply caused by the inability of the PKO host to control the spread of infection. The basis for this increased immune response has not been clarified, and failure to eliminate antigen-presenting DC or impaired fratricidal elimination of T cells both have been proposed as possible mechanisms.
In this article we present evidence in favor of the hypothesis that failure to eliminate DC contributes to the increased immune responses observed in PKO mice. We show that in normal immune mice antigen-loaded DC are rapidly eliminated in tissues or during transit to the draining lymph nodes. Because T cell division appears to occur only in lymph nodes (28, 29) , these DC would be unable to induce proliferation of antigen-specific T cells. We also show that in PKO mice DC remain untouched by CTL activity and accumulate in the draining lymph nodes where they can present antigen to, and presumably induce proliferation and effector activity of, resident naïve and͞or central memory T cells. In support of our hypothesis, we show that the expansion of CD8 ϩ T cells is greater in PKO mice that have been immunized with DC than in C57BL͞6 mice and that the difference between the two strains becomes more marked with subsequent immunizations. When in the context of viral infection and consequent inflammatory environment, such increased T cell expansion and continued antigen presentation could result in the mortality and lymphoproliferative phenotype already reported for PKO mice (16, 27) .
The interaction of CTL with target cells has been shown to allow transfer of surface molecules from the target cell to the T cell (30) and sensitization of T cells to attack from other CTL (31) . T cell-T cell killing may also be occurring in our system and affect the accumulation of normal, but not PKO, T cells. However, T cell fratricide seems a less attractive explanation for our findings. Higher concentrations of antigen on the antigenpresenting cells compared with T cells would make DC especially susceptible to killing. In addition, although there are described physiological mechanisms to maximize the interaction of T cells and DC (32) , the opportunity for T cell-T cell contact in vivo may remain limited.
Perforin deficiency may also affect the function of other cell populations besides CTL. Human activated natural T reg cells have been reported to kill DC and T cells through a perforindependent mechanism (23) . In contrast, murine CD4 ϩ CD25 ϩ T reg from PKO mice were found to have normal suppressive function in vitro (24) . T reg did not appear to contribute to DC elimination in our system, as DC elimination was not prevented by in vivo depletion of CD25 ϩ cells. In addition, hosts adoptively transferred with in vitro-activated CD8 ϩ T cells acquired the ability to immediately eliminate DC. The same activated CD8 ϩ T cells were also able to kill DC in vitro (data not shown), providing further support for a direct effect of CD8 ϩ T cells on DC. We conclude that a potentially defective T reg function in PKO mice is unlikely to explain our observations.
In physiological situations, several factors may affect the susceptibility of endogenous DC to CTL-mediated elimination. Cross-presentation of exogenous antigen is regulated during DC maturation, with immature DC expressing only low levels of MHC I-antigen complexes at the cell surface (33) . Specific CD8 ϩ T cells have been reported to induce antigen loss from the surface of DC (34) . Low expression of MHC I-antigen complexes because of either of the above causes may decrease the susceptibility of DC to CTL, but it appears unlikely to prevent it altogether given the capacity of CTL to eliminate targets that express as few as one to three MHC I-antigen complexes at their surface (35) .
Previous reports have indicated that DC become resistant to CTL killing by up-regulating expression of the granzyme inhibitor serpin 6 upon activation (36) or by polarized exocytosis of secretory lysosomes upon interaction with CD8 ϩ T cells (37) . Furthermore, perforin has been reported to be critical for DC elimination by alloreactive CTL (38), but not for DC elimination by CTL elicited by viral infection (39) . A number of differences exist between our experimental system and those described, which may explain some of the discrepancies in the results. Reconciling such differences, to establish the physiological significance of DC elimination in the regulation of immune responses, will require in vivo analysis of the susceptibility of endogenous DC to CTL-mediated killing during immune responses to infectious agents or tumors.
We show in this article that DC injected into immune mice are susceptible to immediate CTL elimination at the site of injection, but survive for at least 24-48 h once they reach the lymph node. This is despite activated T cells interacting with injected DC in the lymph node, as indicated by the induction of T cell proliferation. This differential susceptibility of DC to CTL action may be caused by mature DC in lymph node becoming resistant to CTL (36) or the described exclusion of effector CTL from the lymph node environment (40, 41) . We favor the latter possibility; we have previously shown that DC injected into naïve TCR transgenic mice can be recovered from the lymph nodes in high numbers at day 1, but disappear by day 3 (14) . This finding indicates that, in the presence of high numbers of antigenspecific T cells, DC in lymph nodes are eliminated by the T cells they activate. A similar observation was also made in ''memory'' C57BL͞6 mice, where memory T cells becoming activated to effector function eliminate DC in the lymph node (14) . Together, these results support the view that DC remain sensitive to CTL elimination even when in the lymph node. However, the low numbers of effector CTL normally present in lymph nodes allow DC to survive relatively protected from CTL attack.
Together, our results suggest an attractive scenario of feedback regulation of the immune response. In the presence of a vigorous effector T cell response, CTL effectively patrol peripheral tissues where they eliminate DC that have taken up antigen, thus preventing them from reaching the draining lymph node and interacting with central memory and͞or naïve T cells. Once the effector response in peripheral tissues declines to levels that are insufficient to contain antigen spread, DC again become able to migrate to lymph nodes where they can restimulate T cell responses. Thus, T cells would act as ''gatekeepers'' to regulate T cell expansion by controlling the access of stimulatory DC to the lymph node. The observation that CD8 ϩ T cells require only one division to acquire cytotoxic function (42) suggests that the proposed feedback mechanism may rapidly become operational during the first few days of an immune response. In situations such as infections, where microbial replication in tissues is likely to provide for continued antigen presentation, the entry of antigen-loaded DC into the lymph node would rapidly decline once a CTL response is established, thereby limiting further expansion of antigen-specific T cells. This possibility is consistent with the observation that clonal burst size and the ability to present antigen to T cells appear not to correlate with antigen load (43) , but are determined in the first few days of infection (13) , and can be manipulated by increasing the number of antigen-presenting cells (12) .
